Objective: To assess the short-term effects of extended-release niacin (ERN) on endothelial function in HIV-infected patients with low high-density lipoprotein-cholesterol (HDL-c) levels.
Introduction
The incidence of myocardial infarction (MI) in HIVinfected individuals has been increasing. Although much of the coronary artery disease (CAD) risk in the HIV population has been attributed to elevated levels of low-density lipoprotein-cholesterol (LDL-c) and hypertriglyceridemia, low levels of high-density lipoproteincholesterol (HDL-c) also contribute to CAD risk. In the general population, low serum levels of HDL-c are associated with increased risk for MI, restenosis after angioplasty, sudden cardiac death, and stroke [1] [2] [3] . The primary mechanism by which HDL-c exerts its atheroprotective effect is believed to be reverse cholesterol transport; however, HDL-c also has antioxidant effects [4] . Additionally, HDL-c has direct arterial effects that help preserve endothelial function. Endothelial dysfunction is an early phenomenon in atherosclerosis that precedes structural changes of the arterial wall and clinical manifestations of CAD [5] . This protective effect of HDL-c on endothelium-dependent vasoreactivity may depend on the binding of HDL-c to scavenger receptor class B type I and subsequent stimulation of nitric oxide formation [6] . HDL-c activates both extracellular signalregulated kinase 1/2 and Akt, resulting in enhanced stability of endothelial nitric oxide synthase [7] .
In dyslipidemic HIV-infected patients on stable antiretroviral therapy (ART), low levels of HDL-c have been associated with endothelial dysfunction [8] . Moreover, use of statins in HIV-infected patients on ART improves endothelial function [9] . We hypothesized that increases in HDL-c associated with the use of niacin also would improve endothelial function in HIV-infected individuals. Therefore, we conducted a pilot study to assess the effects of niacin on endothelial function in HIV-infected patients with low HDL-c levels.
Methods
This was a randomized controlled study evaluating endothelial function, measured by flow-mediated vasodilation (FMD) of the brachial artery, in HIV-1-infected adults with low HDL-c before and after 12 weeks of treatment with extended-release niacin (ERN). Participants randomized to the treatment arm received ERN (Niaspan; Abbott Laboratories, Abbott Park, Illinois, USA) starting at 500 mg per night and titrated to a maximum tolerated dose (not exceeding 1500 mg per night) over 8 weeks. Participants in the control arm received the same follow-up as the treatment arm but were not be given ERN (no placebo) and were instructed to not take any supplemental niacin. CD4 cell count, HIV RNA viral load, FMD, lipid parameters, insulin sensitivity, and C-reactive protein were obtained at baseline and after 12 weeks for both control and treatment arms.
Participants were eligible for the study if they were HIVinfected and were at least 18 years of age. Participants must have been on stable HAART for at least 6 months prior to study entry and have a HDL-c below 40 mg/dl and LDL-c below 130 mg/dl. Participants were excluded if they had cardiac disease, uncontrolled hypertension, pregnancy, or diabetes mellitus. Participants were ineligible if they were on nitrates, metformin, or thiazolidinediones. Treatment with lipid-lowering drugs such as statins and fibrates were excluded. A pharmacist prepared a computer-generated single-block randomized treatment list to determine each patient's treatment assignment. The study pharmacist did not participate in the selection and assessment of patients or the collection of any trial data. This study was approved by the Institutional Review Board of University of Hawaii. All participants provided informed consent.
Endothelial function was assessed by ultrasound brachial artery reactivity testing. Testing was performed in the morning. Participants were required to fast for 12 h. Those who regularly used tobacco products refrained for at least 8 h. After 10-min rest in a temperature-controlled room (70-768F), the diameter of the right brachial artery and baseline blood flow were measured with a high-resolution linear array vascular ultrasound transducer (Siemens Medical Solutions Inc., Mountain View, California, USA). Increased forearm blood flow was induced by inflating a pneumatic blood pressure tourniquet placed around the widest part of the forearm and inflated to 250 mmHg. This was followed by deflation after 5 min. Repeat brachial artery diameter and blood flow scans were obtained immediately thereafter. Twenty minutes were allowed for vessel recovery and repeat resting brachial artery diameter and blood flow scans were obtained. Sublingual nitroglycerin (400 mg) was administered, and final scans were performed after 3 min. Each study was recorded digitally and sent to the University of Wisconsin Atherosclerosis Imaging Research Program core ultrasound laboratory in Madison, Wisconsin, USA. Brachial artery diameters were measured in triplicate by a single blinded reader [8, 10, 11] .
The primary objective was to assess the change in FMD with respect to 12 weeks of ERN vs. control. The Shapiro-Wilks normality test was used to assess the homogeneity of variances between and within the study arms. Categorical variables were compared using the x 2 test. Continuous variables were analyzed by Wilcoxon rank test. For between-group differences, a two-way analysis of covariance (ANCOVA) for both arms was conducted and controlled for within patient correlation. To control for the effects of baseline FMD and HDL-c, a multivariate ANCOVA was performed. A two-sided probability of P value is less than 0.05 was used to determine statistical significance. All statistical analyses were performed using the JMP statistical program (SAS Institute Inc., Cary, North Carolina, USA).
Results

Baseline characteristics
The demographic and clinical characteristics of the 19 participants are presented in the Table 1 . Participants consisted of 17 men and two women, with a median age of 50 years (range 28-65 years). Four were current and seven were former smokers. The median CD4 cell count was 493 cells/ml (range 280-1096). All participants had undetectable HIV viral loads except for one participant with a viral load of 1520 copies/ml. The majority of participants (47%) were on an efavirenz-based regimen, whereas 42% were on a protease inhibitor-based regimen. A nonnucleoside reverse transcriptase inhibitor (NNRTI)-based regimen was used in 60% of the ERN group compared with 44% of controls; a protease inhibitor-based regimen was used in 30% of ERN and 56% of controls. One participant in the ERN group was on an NRTI-only regimen. At baseline, there were differences (P < 0.10) between the arms in FMD, nitroglycerin-mediated dilation (NTGMD), and HDL-c.
All participants achieved the titrated dose of ERN of 1500 mg daily. Only one participant receiving ERN developed serious flushing (grade 2), which was attributed to the participant accidentally taking twice the prescribed dose. This flushing resolved after the ERN dose was reduced. There were no grade 3 or higher adverse events during the study in either group.
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Extended-release niacin P After 12 weeks, participants receiving ERN had a median HDL-c (interquartile range) increase of 3.0 mg/dl (0.75 to 5.0) compared with À1.0 mg/dl in controls (À6.0 to 2.5), P value is equal to 0.04. There was no significant change in brachial diameters; the median change in participants receiving ERN was 0.00 mm (À0.01 to 0.03) compared with À0.01 mm in controls (À0.02 to 0.02), P value is equal to 0.56. The median change in FMD from baseline to week 12 was 0.91% (À2.95 to 2.21) for those on ERN vs. À0.48% (À2.65 to 0.98) for controls (P ¼ 0.67). However, after adjusting for baseline differences in FMD and HDL-c, there was a statistically significant increase in FMD in participants receiving niacin (P ¼ 0.048, see Fig. 1 ). Participants with low HDL-c had a more dramatic improvement in FMD with niacin. In participants with HDL-c 35 mg/dl or less, the adjusted end of study FMD was 8.4% with 95% confidence interval (CI) (6.7 to 10.1) for the niacin group and 4.4% with 95% CI (3.18 to 5.68) for the control group (P ¼ 0.01). There were no differences in NTGMD between the two arms, even after adjusting for baseline NTGMD and HDL-c.
Discussion
In this pilot study, we demonstrated that HIV-infected patients on stable ART with low HDL-c had improved brachial artery FMD after 12 weeks of ERN. The improvement in FMD was more significant in patients with low baseline HDL-c. In individuals with HIV, low HDL-c levels increase risk of future CAD [12] [13] [14] . Changes in HDL-c with ART also seem to affect shortterm CAD [15] . Our study is consistent with recent studies on individuals without HIV infection, showing that interventions targeted at raising HDL-c levels may have vascular benefits. Indeed, two studies [16, 17] have shown that in individuals with low HDL-c, use of ERN can improve FMD. Similarly, ERN has been shown to significantly regress carotid intima-media thickness [18] .
Our study is the first to determine the effect of niacin on endothelial function in HIV-infected individuals. This is a clinically relevant finding, as many patients with HIV and dyslipidemia have low HDL-c, and the effects of raising HDL-c on endothelial function in patients with HIV have not been investigated previously. Also, niacin's effects on lipids in patients with HIV seem to be less than observed in the general population [19] .
Niacin can inhibit vascular inflammation by decreasing endothelial reactive oxygen species production and subsequent LDL-c oxidation and inflammatory cytokine production, key events involved in atherogenesis. Potential mechanisms of the vascular protective effects of HDL-c have been described [20] . HDL-c enhances reverse cholesterol transport, promoting the efflux of cholesterol from atherosclerotic plaque rupture, thus promoting stabilization [21] ; HDL-c and its associated proteins attenuate the formation of the highly atherogenic oxidized LDL-c species previously shown to impair endothelial function [22] ; HDL-c stabilizes prostacyclin, an important vasodilator and platelet inhibitor [23] ; and HDL-c may augment the ability of the endothelium to produce nitric oxide [16] . In addition to the protective effects of HDL-c, niacin helps increase LDL-c particle size, which also may improve endothelial function. Our finding supports the paradigm that niacin-induced increases in HDL-c contribute to improvements in endothelial function in participants with low HDL-c. Of interest, in ACTG study A5152s, positive correlations were observed between ART-associated increases in HDL-c, large HDL-c particles, and FMD (personal communication).
There are several limitations to our study. First, this was an unblinded pilot study with a small sample size and its results require verification, as well as evaluation of the mechanism for these observations. Second, the increase in HDL-c was less than that would be predicted based on data in non-HIV-infected cohorts [16] , although this study was of short duration (all treated participants were at the maximal daily dose of 1500 mg of ERN for only 4 weeks), and niacin's beneficial effects on HDL-c levels can continue to increase up to 36 weeks after maximum dose titration [24] .
In summary, this pilot study demonstrated that short-term niacin therapy could improve endothelial function in HIV-infected individuals on stable ART who have low HDL-c.
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